glyoxylate and Mg+. Only extracts obtained from mycelia after growth on propionate or acetate possessed this activity. Extracts prepared from mycelia grown in glucose or lactate were devoid of this activity.
Glyoxylic acid is known to condense enzymatically with the coenzyme A thiolesters of various fatty acids including acetate, propionate, butyrate, and valerate (5) . The product of the condensation with propionyl-coenzyme A in Escherichia coli is at-hydroxyglutaric acid (7, 10) , which is further metabolized by cell-free extracts either to succinate or to pyruvate and lactate via citramalate (H. C. Reeves, C. Urbano, and S. J. Ajl, Bacteriol. Proc., p. 73, 1965). Richards and Lloyd (8) found that a-hydroxyglutaric acid was metabolized by extracts of propionate-grown mycelia to lactate and acetate. These results suggest that A. glaucus grows on propionate by a mechanism involving the formation and dissimilation of a-hydroxyglutaric ' Public Health Service fellow (1 F2 AI-31, 566-01). 2 Research Career Development awardee of the National Institutes of Health (5-K3-AI-6928).
acid. This suggestion is supported by the observation that other major pathways of propionate metabolism appear to be absent in this mold (8) .
Richards and Lloyd (8) could not, however, demonstrate the formation of a-hydroxyglutaric acid from either propionate-1-'4C or propionate-2-'4C by using intact mycelia. The present communication provides evidence for the incorporation of "4C-glyoxylate into a-hydroxyglutaric acid by whole mycelia and cell-free extracts of A. glaucus grown on propionate. Incorporation of '4C-propionate into a-hydroxyglutaric acid could not be found by using whole mycelia, but preliminary evidence is provided for the in vitro incorporation of propionyl-2-14C-coenzyme A by cell-free extracts. Finally, evidence to indicate the existence of an a-hydroxyglutaric acid pathway in Aspergillus is provided by studies of "CO2 evolution with the use of sodium propionate-l-, -2-, and -3-_4C as metabolic substrates. RESuLT Short-interval labeling of mycelial suspensions with the use of "4C-glyoxylate. Mycelial suspensions prepared as described in Materials and Methods were preincubated in fresh growth medium for 3 hr at 37 C with shaking to insure maintenance of metabolic activity. Two-ml samples of the mold suspension were then distributed into test tubes and held in a water bath (37 C). To each tube was added 0.03 ml of a mixture of sodium glyoxylate-1-14C (0.11 ,umole containing 0.75 uc) and sodium glyoxylate-2-'4C (0.16 ,umole containing 0.75 ,uc). After incubation for either 30, 60, or 120 sec, reactions were terminated and aqueous reaction products were prepared as described in Materials and Methods. VOL. 94, 1967 Short-interval labeling of myeelial suspensions using "4C-propionate. Mycelial suspensions prepared in mineral salts medium, as in Materials and Methods, were used without preincubation. Two-ml samples were added to test tubes and held at 37 C. To each tube was added 0.4 ml of either sodium propionate-2-'4C or sodium propionate-3-14C (3.9 and 4.2 Amoles, respectively, each containing 20,c). The samples were held for various time intervals from 30 sec to 5 mmn before termination as in Materials and Methods. The aqueous reaction products, however, contained little or no radioactivity, indicating no incorporation of the labeled propionate into nonvolatile intermediates.
Because propionate was apparently not being utilized by the mycelia during the short time intervals employed, the experiment was repeated employing sodium propionate-3-14C (as above) and incubation times up to 60 min. Even with a longer holding time, only 0.5% of the initial radioactivity was recovered in the aqueous reaction product. Chromatography revealed concentrations of labeled malate and succinate, but no a-hydroxyglutaric acid was detected. It is clear from these experiments, and from "4C02 evolution studies presented below, that propionate is not readily metabolized by A. glaucus even though the mold was cultured on this substrate. Classical pulse (short-interval) labeling studies are therefore not possible. It should be recalled, however, that labeled glyoxylate was rapidly taken up by the mold, indicating no drastic loss of metabolic efficiency as a result of harvesting procedures and handling.
Incorporation of radioactivity into a-hydroxyglutaric acid by cell-free extracts. Further proof of the ability of propionate-grown A. glaucus to form a-hydroxyglutaric acid was obtained by using cell-free extracts (see Materials and Methods). Two types of reaction mixtures were set up. The first type contained: 0.5 ml of propionyl-2-'4C-coenzyme A (4 ,umoles containing 16 tic), 0.8 ml of sodium glyoxylate (8 , Table 2 for boiled enzyme controls and are therefore not shown. The reaction mixtures were held for 30 min at 37 C before termination and preparation of aqueous reaction products as usual. The entire products were subjected to the lactonization procedure and the yields of a-hydroxyglutaric acid are presented in Table 2 .
There was significant incorporation of labeled glyoxylate into product by unheated extracts, whereas boiled extract had only negligible activity. There was considerably less incorporation, however, with propionyl-2-14C-coenzyme A, although the total initial radioactivity was considerably greater than with the glyoxylate substrate (16 ,tc versus 10 ,uc of the latter). This result may be explained by dilution of the labeled substrate by propionyl-coenzyme A present in the extracts of the propionate-grown Aspergillus. The extracts were not dialyzed prior to being used, because a-hydroxyglutarate synthase is inactivated by such treatment (Wegener, Furmanski, and Aji, unpublished data). Enzymatic deacylation of the propionyl-2-14C-coenzyme A is evidently not a factor, because labeled glyoxylate was easily incorporated. Further studies employing partially purified extracts may allow greater incorporation. The lack of significant activity by the boiled enzyme control, however, is indicative of a real, although limited, enzymatic incorporation of propionyl-2-'4C-coenzyme A into a-hydroxyglutaric acid.
Propionic acid oxidation studies. By using sodium propionate-l-, -2-, or -3-14C and measuring the rates of 14CO2 evolution, it is possible to ascertain the major pathway of propionate oxidation. Such a study was accomplished by adding to a triple-neck, round-bottom flask (75 ml) the following: 1 ml of mycelial suspensions (prepared in mineral salts medium, as in Materials and Methods), 3.5 ml of mineral salts medium ba-Hydroxyglutaric acid detected as the lactone (see Materials and Methods). and 0.5 ml of either sodium propionate-l-, -2-, or -3-14C (5 umoles containing 5 ,uc). The flasks were held in a 37 C water bath and air was blown into each flask at a constant and uniform rate. Effluent gas from each flask was bubbled into 8 ml of NCS Reagent (NuclearChicago) to trap 14CO2 evolved by the mold. Every 10 min, trapping reagent was changed until 60 min. At that time, 0.1-mi samples were removed from each trap and measured for radioactivity as in Mate.ials and Methods. Figure 1 compares the rates of 14CO2 evolution employing the differentially labeled substrates. It is clear that C-1 is oxidized most rapidly and C-2 and C-3 are released at substantially lower rates. It appears, however, that C-2 is oxidized slightly faster than C-3 under these experimental conditions. Except perhaps for sodium propionate-2-14C, the rates of oxidation of the labeled substrates are leveled off by 60 min. Nevertheless, it should be noted that total utilization of each substrate by 60 min is rather limited (6.8, 2.3, and 1.7%, respectively, for sodium propionate-l-, -2-, and -3-14C). Uptake of propionate continues after 60 min, however, but at a steady rate. This sluggish utilization of propionate accounts for the slow growth of A. glaucus (4 to 5 days) in the medium employed in these studies, as well as the limited incorpora- 
